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rounded by an unstained halo.    They can, however, be demon-
strated by such special methods as those of Muir and Hiss.
Spore-Formation. Under certain conditions there develop
within the protoplasm of some bacterial cells oval or spherical
bodies which are, difficult to stain. These bodies are called
spores or endospores and occur mainly among the Gram-
positive bacilli ; cocci never form spores. The presence of spores
was described by Cohn in 1875 and later by Koch in 1876, but
the precise method of their formation is still unsolved. There
appears to be a localization of a chromatin-like substance which
becomes surrounded by a thick, resistant membrane. As the
spore develops the mother-cell degenerates and finally disap-
pears, leaving the free spore.
The position of the spore may be either central (equatorial),
subterminal or terminal, and its shape spherical or oval (Fig. 3).
The size varies and in some cases the diameter of a mature spore
may be greater than that of the bacterial cell, the length of
which is always greater than that of the spore. Characteristic
appearances are sometimes found, such as the " drum-stick "
form given by those bacilli with a large spherical, terminal
spore, e.g., the tetanus bacillus. Spores are resistant not only to
staining, special methods being required, but also to unfavour-
able surroundings and destructive agents. This is due both to
the relatively thick and impermeable membrane, which encloses
the protoplasm, and the low water-concentration of the proto-
plasm.
The formation of spores is not a method of multiplication ;
almost invariably one organism forms one spore, which in its
turn develops into one organism. The significance of sporula-
tion is uncertain, but it is generally considered to be a resting
phase occurring when the environmental conditions, particularly
the food supply, are unfavourable for vegetative growth. When
placed in conditions suitable for growth the spore germinates
by rupture of the membrane and the ordinary or vegetative
form of the organism is produced. It is interesting to note that
in many cases sporulation only occurs at temperatures especially
favourable for growth and that, in the case of organisms requiring
the presence of free oxygen for growth, spore-formation does not
occur in the absence of this gas.
Flagella. Many bacteria exhibit active motility ; this, except
in the case of the spirochsetes, is associated with the presence of
thin, delicate, long threads termed flagella which appear to pierce